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ABSTRACT 

Sample l o t s  of s i n t e r e d  n i c k e l  plaque were prepared i n  a b a t t e r y  

p l a t e  product ion f a c i l i t y .  This was done i n  an experiment t o  de- 

termine the  e f f e c t  of ma te r i a l  and process v a r i a b l e s  on t h e i r  

phys ica l  c h a r a c t e r i s t i c s .  The va r i ab le s  s tud ied  were: s i n t e r i n g  

t i m e ,  s i n t e r i n g  temperature ,  s l u r r y  v i s c o s i t y ,  s i n t e r i n g  atmosphere, 

priming of s u b s t r a t e ,  and bulk dens i ty  of n i c k e l  powder. 

Batch t o  ba tch  v a r i a t i o n  i n  t h e  n i cke l  powder would a l s o  be 

an observable  response.  I n i t i a l  eva lua t ion  was concentrated on 

determining t rends  caused by the  aforementioned va r i ab le s  on 

p o r o s i t y  and r e s i s t i v i t y .  
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I. INTRODUCTION 

The o b j e c t i v e  of t h i s  program i s  t o  s c a l e  up a l abora to ry  process  

t o  a product ion process  f o r  t he  manufacture of uniform and r e l i a b l e  

nickel-cadmium b a t t e r y  p l a t e  m a t e r i a l s  f o r  long t e r m  aerospace missions.  

The s p e c i f i c  t a s k s  inc lude  a s tudy  and eva lua t ion  of t he  e f f e c t  of 

m a t e r i a l  and process va r i ab le s  on t h e  uni formi ty  and c h a r a c t e r i s t i c s  of 

s i n t e r e d  plaques and impregnated p l a t e s .  

The requi red  l o t s  of s i n t e r e d  plaques and p l a t e s  were produced 

i n  Gulton I n d u s t r i e s '  b a t t e r y  p l a t e  f a c i l i t y  i n  Gananoque, Ontar io .  

This f a c i l i t y  i s  designed t o  produce b a t t e r y  p l a t e s  by the  continuous 

s l u r r y  technique.  Evaluat ion and t e s t i n g  of t he  plaques and p l a t e s  

was made i n  our Metuchen l a b o r a t o r i e s .  The o b j e c t i v e  i s  t o  determine 

the  necessary  process and con t ro l  procedures under which b a t t e r y  

p l a t e s  of high q u a l i t y  and uni formi ty  can be made reproducibly.  

The i n i t i a l  experiments were designed t o  examine a l l  p o s s i b l e  

v a r i a b l e s  which may have an in f luence  on the  f i n a l  product.  

a t t e n t i o n  i s  focused on f a c t o r s  which c o n t r i b u t e  t o  non-uniformity,  

P a r t i c u l a r  
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11. EXPERIMENTAL METHODS AND DATA 

. .  
A. PROGRAM P U N  

I n  t h e  i n i t i a l  s i n t e r i n g  experiments.  i t  w a s  f e l t  d e s i r a b l e  t o  examine 

a l l  t h e  v a r i a b l e s  which have an in f luence  on t h e  p e r t i n e n t  c h a r a c t e r i s t i c s  

of s i n t e r e d  n i c k e l  plaques.  Consequently, a program p lan  was e s t a b l i s h e d  

where t h e  e f f e c t  of each of s i x  v a r i a b l e s  on t h e  q u a l i t y  and uni formi ty  

of s i n t e r e d  plaques and impregnated b a t t e r y  p l a t e s  was  examined. The 

v a r i a b l e s  s e l e c t e d  w e r e :  

1. S i n t e r i n g  temperature ,  a t  3 l e v e l s .  

2 .  S i n t e r i n g  t i m e  ( r a t e  of t r a v e l  of coated s t r i p  through t h e  k i l n ) ,  

a t  5 l e v e l s .  

3 .  S l u r r y  v i s c o s i t y ,  a t  3 l e v e l s .  

4 .  S i n t e r i n g  atmosphere, a t  2 l e v e l s .  

5. Bulk dens i ty  of n i c k e l  powder, a t  2 l e v e l s ,  and 

6 .  Priming of n i c k e l  s u b s t r a t e  p r i o r  t o  a p p l i c a t i o n  of t h e  s l u r r y  

coa t ing ,  a t  2 l e v e l s .  

Varying t h e  dry ing  temperature  (and r a t e )  a f t e r  coa t ing ,  and p r i o r  t o  

s i n t e r i n g ,  w a s  a l s o  considered.  However, i t  w a s  f e l t  t h a t  t h i s  parameter 

would have l i t t l e ,  i f  any, e f f e c t  on t h e  plaque c h a r a c t e r i s t i c s  and w a s ,  

t h e r e f o r e ,  omitted from these  s t u d i e s .  

The experiments chosen and t h e  p a r t i c u l a r  v a r i a b l e s  s tud ied  i n  each 

experiment are l i s t e d  i n  Table I. These experiments,  performed i n  t h e  

order  shown i n  Table I, should a l s o  y i e l d  information on t h e  r e p r o d u c i b i l i t y  

of plaques from ba tch  t o  batch.  

- 3- 



TABLE I. TABULATION OF SINTERING EXPERIMENTS 

EXPERI- 
MENT 

A 

I3 

C 

D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

X 

Y 

Z 

Jr 

JrYe 

SLURRY 
BATCH NO, 

I* 

1 1  

I I  

I I  

I I  

I I  

1 1  

11 

11 

Jr 
2 

11 

I 1  

I 1  

1 1  

I I  

11 

t l  

3 ** 
11 

11 

4 *  

I I  

1 1  

SLURRY VISCOSITY 
cps 

70,000 

79 000 

75,000 

72,000 

76,000 

68,000 

68,000 

142,000 

102,000 

123,000 

125,000 

112,000 

135,000 

76,000 

76 , 000 

76,000 

75 000 

142,000 

109,000 

79 , 000 

144 , 000 

144,000 

144,000 

PRIMER 
USED 

Y e s  

1 1  

I I  

I 1  

I t  

1 1  

1 1  

11 

1 1  

1 1  

No 

11 

Y e s  

I t  

No 

11 

Y e s  

I 1  

11 

11 

I t  

I I  

I 1  

REDUCING 
ATMOSPHERE 

EX0 

11 

11 

11 

11 

I 1  

1 1  

I I  

I I  

11 

11 

I I  

11 

11 

11 

Forming Gas 

1 1  

EX0 

I t  

1 1  

I I  

I 1  

1 1  

Nickel Powder, Lot No. B/3, Bulk d e n s i t y  0.92 gm/cc 
Nickel Powder, Lot No. B/998, Bulk d e n s i t y  0.85 gm/cc 

-4- 

SINT 
TEMP., O C  

900 

900 

950 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

950 

1000 

1000 

LING 
TIME, Miny 

30 

20 

20 

20 

10 

5 

2 , 5  

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

20 

20 

10 



B. SLURRY PREPARATION 

Four batches of n i c k e l  s l u r r y  were prepared f o r  t h e  s i n t e r i n g  experiments.  

These cons i s t ed  of t h e  following: 

B 1  & B2 - 180 l b s .  n i c k e l  powder $1287, Lot B / 3  

180 l b s .  water 

4 l b s .  Methocell  

B3 

B4 

- 180 l b s .  n i c k e l  powder $1287, Lot B/998 

180 l b s .  water 

4 l b s .  Methocell  

- 180 lbs .  n i c k e l  powder $1287, Lot B / 3  

170 l b s .  water 

4 l b s .  Methocell  

The bulk  d e n s i t i e s  of t h e  n i c k e l  powders w e r e  determined us ing  a 

S c o t t  Volumeter. 

b a r r e l s  used ,  one from t h e  top  and one from t h e  bottom, t o  check uni formi ty  

wi th in  t h e  same b a r r e l  and from one b a r r e l  t o  t h e  next  w i th in  t h e  same l o t .  

Two powder samples were taken from each of t h e  four  

The va lues  shown i n  Table I1 do show a s l i g h t  v a r i a t i o n  between top 

and bottom of t h e  b a r r e l s ,  with t h e  bottom somewhat more dense. This i s  

most l i k e l y  due t o  s e t t l i n g  of  t h e  smaller p a r t i c l e s  dur ing  handl ing and 

shipment. The bulk d e n s i t i e s  of B 1 ,  B2 and B4 should be i d e n t i c a l ,  as they  

have the  same l o t  number. While B 1  and B4 are i n  e s s e n t i a l  agreement wi th  t h e  

manufac turer ' s  va lue ,  t h e r e  i s  a discrepancy between t h e  measured and 

repor ted  va lues  f o r  B2 and B3. 
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TABLE 11. - BULK DENSITY OF NICKEL POWDERS 

POWDER SAMPLE 

1. B 1 ,  Top, Lot B/3 

2 .  B 1 ,  Bottom, Lot B/3 

3 .  B2, Top, Lot B/3 

4 .  B 2 ,  Bottom, Lot B/3 

5. B 3 ,  Top, Lot B/998 

6. B 3 ,  Bottom, Lot B/998 

7. B4, Top, Lot B/3 

8. B4, Bottom, Lot B/3 

MEASUN 
gm/cu i n .  

15.2239 

15  2694 

15.7275 

15 a 8883 

13 e 2938 

13.4074 

15.1394 

15  e 3914 

1 DENSITY * 
gm/cc 

0.9288 

0 a 9316 

0.9595 

0.9693 

0.8110 

0 8180 

0.9236 

0 a 9390 

* Bulk d e n s i t i e s  r epor t ed  by t h e  manufacturer w e r e  0.92 gm/cc and 
0.85 gm/cc f o r  Lots B/3 and B/998 r e spec t ive ly .  

Deionized water, a t  70°C, w a s  added t o  w e t  t h e  powders, and r o l l e d  f o r  

10 h r s .  i n  polyethylene l i n e d  v e s s e l s  t o  uniformly d i s p e r s e  t h e  b inder  i n  

t h e  n i c k e l  powder. The s l u r r y  w a s  allowed t o  s t and  i n  a water cooled ba th  f o r  

14-16 hours t o  a f f e c t  d i s s o l u t i o n  of t h e  b inde r ,  "poled" t o  a d j u s t  i t s  

v i s c o s i t y  by t h e  a d d i t i o n  of water, and t r a n s f e r r e d  t o  t h e  feeder  f o r  t h e  

s i n t e r i n g  experiments.  The v i s c o s i t y  of t h e  s l u r r y  w a s  checked wi th  a 

Brookfield Viscometer a t  2 rpm us ing  a f 5  sp ind le .  

of t h e  four  s l u r r y  batches prepared above were: 

** 

The i n i t i a l  v i s c o s i t i e s  

B 1  - 130,000 cen t ipo i ses  B 3  - 142,000 c e n t i p o i s e s  

B2 - 130,000 B4 - 152,000 I t  

** "Poling" i s  a method of mixing without  i n t roduc ing  a i r  bubbles i n  t h e  
s l u r r y  . 
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C. SINTERING EXPERIMENTS 

The s i n t e r i n g  experiments were c a r r i e d  out  i n  t h e  order  shown i n  

Table I. Grade "A" pe r fo ra t ed  n i c k e l  f o i l ,  0.003 i n .  t h i c k  and 7 - 1 / 2  i n .  

wide, w a s  used as t h e  s u b s t r a t e .  Where a change i n  f i r i n g  temperature  

w a s  involved i n  going from one experiment t o  t h e  n e x t ,  s u f f i c i e n t  t i m e  

(about 30 minutes) was allowed f o r  t h e  k i l n  t o  come t o  equi l ibr ium.  The 

s i n t e r i n g  t i m e  was c o n t r o l l e d  by adjustment of t h e  rate a t  which t h e  

coated n i c k e l  s u b s t r a t e  t r a v e l l e d  through t h e  s i n t e r i n g  oven. To change 

t h e  s l u r r y ,  a l l  v e s s e l s  were emptied and cleaned be fo re  in t roducing  t h e  

new material  ( e i t h e r  of a d i f f e r e n t  v i s c o s i t y  o r  a d i f f e r e n t  ba t ch ) .  

Approximately f i f t y  f e e t  of s i n t e r e d  plaque material  w a s  run under 

each of  t h e  experimental  condi t ions  l i s t e d  above. The k i l n  atmosphere 

w a s  EX0 gas i n  each case, except ing experiments Q and R,  where Forming Gas 

(10% H2,  90% N2) w a s  used t o  determine whether t he  composition of t h e  

reducing atmosphere bears  an in f luence  on the  s i n t e r e d  n i c k e l .  

* 

The f i r i n g  temperatures  i n  t h e  s i n t e r i n g  k i l n ,  as ind ica t ed  by d i r e c t  

readout  thermocouples, are shown i n  Table 111. 

Samples of s l u r r y  were c o l l e c t e d  f o r  de te rmina t ion  of s o l i d s  conten t .  

This  w a s  done by f i r s t  d r i v i n g  o f f  t h e  w a t e r  i n  a vacuum oven a t  about 

2 p s i a  and 100°C. 

cooled and weighed. This  process  w a s  repeated two o r  t h r e e  t i m e s  u n t i l  no 

change i n  weight w a s  noted. The d r i e d  samples a r e  then  f u r t h e r  t r e a t e d  t o  

burn o f f  t h e  b inder  t o  determine t h e  n i c k e l  conten t .  A t  t h i s  w r i t i n g ,  t h i s  

work is  incomplete and t h e  r e s u l t s  of t hese  experiments w i l l  be  repor ted  l a t e r  

Following t h e  s i n t e r i n g ,  t h e  plaque w a s  coined and c u t  i n t o  s t r i p s  of 

about t h r e e  f e e t  i n  length .  Each s t r i p  w a s  numbered t o  enable  us  t o  i d e n t i f y  

i t s  exac t  p o s i t i o n .  The s t r i p s  were d iv ided  i n t o  t h r e e  groups i n  such a 

manner t h a t  each group w a s  i d e n t i c a l l y  r e p r e s e n t a t i v e  of t h e  f u l l  run. 

The s l u r r y  sample was l e f t  i n  t h e  vacuum oven overn ight ,  



TABLE 111. - SINTERING KILN TENPERATURES 

EXPERIMENT 

A 

B 

C 

D 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

X 

Y 

Z 

BOTTOM 

1640 

1620 

1735 

1830 

1820 

1820 

1830 

1830 

1830 

1830 

1825 

1830 

1830 

1830 

1830 

1830 

1830 

1820 

1830 

1830 

1735 

1830 

1830 

MPERATURE, OF 

CENTER 

1660 

1660 

1740 

1840 

1835 

1835 

1840 

1840 

1840 

1840 

1840 

1840 

1840 

1840 

1840 

1840 

1840 

1835 

1835 

1835 

1740 

1840 

1840 

TOP 

1640 

1650 

1730 

1830 

1820 

1820 

1810 

1830 

1830 

1830 

1840 

1830 

1830 

1840 

1830 

1830 

1830 

1820 

1820 

1820 

1730 

1830 

1830 
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Two groups were impregnated, converted t o  Ni(OH):! and Cd(OH)2, and se t  

a s i d e  f o r  a subsequent de te rmina t ion  of weight ga in  and a c t i v e  m a t e r i a l  

d i s t r i b u t i o n .  

The t h i r d  group w a s  blanked i n t o  ind iv idua l  p l a t e s  (2.75'' x 5.90") f o r  

c h a r a c t e r i z a t i o n  as plaque material. 

D POROSITY MEASUREMENTS 

P o r o s i t y  measurements were made us ing  2 inch square  samples of plaque 

material .  The t e s t  specimen w a s  weighed dry ,  and then  reweighed whi le  

suspended i n  a l i q u i d  (kerosene) .  Some t i m e  (2-3 minutes) w a s  allowed f o r  

t h e  l i q u i d  t o  p e n e t r a t e  t h e  pores  before  making t h e  weight measurement, 

The s a t u r a t e d  specimen w a s  removed from t h e  kerosene and again weighed 

a f t e r  t h e  excess  l i q u i d  had been removed from t h e  su r face  us ing  a s l i g h t l y  

moistened p i e c e  of c o t t o n  c l o t h ,  being c a r e f u l  no t  t o  withdraw any l i q u i d  

from the  pores  

The p o r o s i t y  of t h e  tes t  sample w a s  c a l c u l a t e d  us ing  t h e  formula: 

P =  - x 100 
w - s  

where D. = dry ,weight  (before  immersion)', 

S = Suspended weight ,  and 

W = s a t u r a t e d  weight i n  a i r  

Dupl ica te  measurements w e r e  made on each experimental  run wi th  the  

r e s u l t s  l i s t e d  i n  Table I V .  

-9 



TABLE IV. POROSITY OF SINTERED PLAQUES 

EXPERIMENT AND THICKNESS POROSITY 
STRIP 'NUMBER (Inches) (%> 

A - 1  

A-9  

B- 1 

B-10 

c -2 

c-11 

D-2 

D-11  

F-1 

F-11 

G- 2 

G- I1 

H- 1 

H- 10 

1-1 

1-10 

J - 2  

J-11 

K- 1 

K- 10 

L- 1 

L-9 

Mi 1 

.025 

.028 

.02 7 

-027 

.028 

.028 

.027 

.027 

.030 

.031 

.033 

.034 

.034 

,035 

-032 

.031 

,032 

,033 

.034 

.035 

.034 

.033 

.032 

72.9 

72.8 

72.5 

73 .I 

71.9 

71.5 

73.7 

1.73 .o 

73.8 

73.7 

74.8 

74.2 

74.3 

74.9 

74 .O 

73.5 

71 ,7  

72 -4 

73.9 

73.8 

73.8 

73.1 

72.9 

EXPERLMENT AND THICKNESS POROSITY 
S T R I P  NUMBER (Inches) (%) 

M- 10 

N-2 

N- 11 

0-1 

0-9 

P-2 

P-11 

Q-1 

Q-9 

R- 1 

R- 10 

s- 2 

s-11 

91- 1 

T- 10 

u- 1 

u-10 

x- 1 

x- 10 

Y - 1  

Y - 1 0  

2-2 

z-11 

.03 1 

-033 

.033 

.032 

.031 

.030 

.032 

.031 

'.032 

.033 

.032 

.034 

.034 

.033 

.034 

-033 

.034 

.033 

.035 

,033 

.032 

.035 

.031 

72.6 

72 -8 

72.6 

72.7 

73.6 

72.4 

73 -5 

72 -4  

72.5 

73 -5 

72.9 

73.2 

73.6 

73 .% 

74.1 

73.9 

73,3 

72.6 

72,5 

72 -1 

72 .O 

73.2 

73 .o 



E. RESISTIVITY MEASUREMENTS 

To measure t h e  r e s i s t i v i t y  of t h e  s i n t e r e d  plaques,  a device  was fab- 

r i c a t e d  where copper b a r s  were a t tached  t o  oppos i t e  s i d e s  and ac ross  t h e  

f u l l  width of t h e  test  sample. With a measured c u r r e n t  f lowing through 

t h e  test  sample, t h e  v o l t a g e  drop between two p o i n t s ,  a known d i s t a n c e  

a p a r t ,  and p a r a l l e l  t o  t h e  d i r e c t i o n  of t h e  c u r r e n t  flow, was measured. 

The vo l t age  probes w e r e  s p r i n g  loaded t o  main ta in  a cons tan t  con tac t  

p re s su re  on the  s u r f a c e  of t h e  s i n t e r .  The t e s t  se tup  f o r  making these  

measurements i s  shown i n  F igure  1. From t h e  measured vol tage  drop, t h e  

c u r r e n t ,  and t h e  c r o s s - s e c t i o n a l  a r ea  of t h e  t e s t  sample, t h e  r e s i s t i v i t y ,  

P ,  was c a l c u l a t e d  us ing  t h e  formula: 

EA P= 
where: E = measured vo l t age  drop 

A = c r o s s - s e c t i o n a l  area 

I = c u r r e n t  f lowing through t e s t  sample, and 

= d i s t a n c e  between vo l t age  probes 

To check out  t he  device ,  measurements w e r e  made on a sample plaque a t  

s e v e r a l  d i f f e r e n t  c u r r e n t s  ranging from 2 amperes t o  20 amperes. A t  f i r s t ,  

t h e  c u r r e n t  probes were a t t ached  t o  t h e  plaque s u b s t r a t e .  The same measure- 

ments w e r e  then  repea ted  wi th  t h e  cu r ren t  probes a t t ached  t o  t h e  s i n t e r ,  The 

r e s u l t s  of t h e s e  measurements, shown i n  Table V, i nd ica t ed  t h a t  an ohmic 

r e l a t i o n s h i p  e x i s t s  between c u r r e n t  and vo l t age ,  and t h a t  t h e  r e s u l t s  of t h e  

measurement were no t  in f luenced  by whether t h e  c u r r e n t  probes w e r e  a t tached  

t o  t h e  s u b s t r a t e  o r  t h e  s i n t e r .  Fu r the r ,  t h e  c u r r e n t  d i d  not cause  hea t ing  t h a t  

would r e s u l t  i n  e r r o r s  i n  t h e  determinat ion.  Plaque r e s i s t i v i t i e s  of a l l  t h e  

experimental  runs w e r e  measured i n  t r i p l i c a t e ;  one a t  t h e  beginning, one i n  

t h e  middle,  and one a t  t h e  end of t h e  run. The r e s u l t s  are shown i n  Table V I .  

-11- 



4 lz 
0 
Ey 

PI 

w 
VJ 

E-r cn w 
E-r 

l l a  



TABLE V, 

CURRENT-VOLTAGE RELATIONSHIP, SINTERED 

CURRENT FLOW THRU 
TEST SAMPLE 

20 Amps 

10 

8 It 

6 

4 I' 

2 

CONTACT MADE TO 
SUBSTRATE , 

17.25 mV 

8.75 

7.00 

5.*25 

3.50 

1.75 

NICKEL PLAQUE 

VOLTAGE DROP 
CONTACT MADE TO 

SINTER 0 . 

17.50 mV' 

8.75 I t  

7.00 

5.25 " 

3.50 'I 

1.75 I' 

The t h r e e  values  f o r  each of t h e  experimental  runs were averaged and 

l i s t e d  i n  Tables  VI I to  X l I t o  show t h e  e f f e c t  of s i n t e r i n g  temperatures ,  

s i n t e r i n g  t i m e ,  s l u r r y  v i s c o s i t y ,  pr imer ,  s i n t e r i n g  atmosphere, and batch 

number ( r e p r o d u c i b i l i t y )  on plaque r e s i s t i v i t y .  
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* 
TABLE V l -  RESISTIVITY OF SINTERED NICKEL PLAQUES 

RESISTIVITY, ohm-cm x 
RE S I  STIVITY 

IDENTIFICATION ohm- cci x LO"5 IDENTIFICATION 

M- 3 8.1 
M- 9 8.1 
M- 18 8.1 

A - 3  
A-  11 
A-14 

7.2 
6 . 9  
7.3 

N- 1 8 . 7  
N- 7 8 . 9  
N-  13 8.1 

B-3  
B-8 
B- 1 5  

7 . 3  
7.8 
7 .8  

c-1 7.7 
c-10 7 . 6  
c- 1 9  8.2 

0-5 8.1 
0-11 8.1 
0 - 2 0  8.1 

D - 4  
D- 10 
D-16 

7.6 
8 . 2  
7.6 

P-1 7.9 
P-10 8 -1 
P -.19 7.9 

F - 3  
F- 10 
F-22 

8.8 
7.6 
7 . 6  

4 - 2  8.1 
4-8 7.6 
Q- 14 7.6 

G- 4 
G- 1 6  
G-25 

9 .o 
9 .3  
9 .o 

R - 3  8 . 7  
R-6 7.8 
R-12 8 .4  

s- 1 8 - 4  
S- 13 8 , 6  
s- 19. 8 . 6  

H-3  
H- 12 
H-2 1 

. 9 . 5  
9 . 3  
9 . 7  

1-3 
1-9 
1-18 

8 . 4  
7.8 
8 . 4  

T-3 8.3 
T-19 8 . 6  
T- 18 ' 8  -4 

J-1' 
9- LO 
J - 1 9  

7 * 9  
8 -1 
8.1 

u-3 7.8 
u - 9  8.1 
U - 1 8  8 .O 

K- 3 
K- 1 2  
K- 18 

8 . 7  
8 - 9  
8.1 

x-3 7.8 
x - 9  7.6 
X- 15 7 ,.6 

L-2 
L-11 
L-17 

8,4 
8.4 
8.4 

Y-3  7.1 
Y-9 7.1 
Y - 1 5  7.3 

z-1 8.3 
2 -7  8 .O 
2-13 7.9 * Measurements made at 10 amperes 
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TABLE V I 1  - RESISTIVITY VS SINTERING TEMPERATURE 

P SINTERING 
EXPERIMENT BATCH VISCOSITY TEMP. /TIME 

(CPS 1 

B B 1  70,000 900/20 
C 75,000 950/20 
D 72 000 1000/20 

144,000 950/20 
144,000 1000 /2  0 

X B4 
Y 

7.6 10-5 
7.8 10-5 
7.8 10-5 

TABLE V116,- RESISTIVITY VS, SINTERING TIME 

P SINTERING 
EXPERIMENT BATCH V I S  COS ITY TEMP ./TIME 

72,000 1000/20 7.8 x 10-5 
76,000 1000/10 8.0 x 10-5 

G 68 000 1000/5 9.1 10-5 
H 68,000 1000 /2% 9.5 10-5 

B1 D 
F 

Y 
Z 

144 000 1000 / 20 7.2 10-5 
144,000 1000/ 10 8.1 10-5 

TABLE I X .  ?- RESISTIVITY VS, SLURRY VISCOSITY 

SINTERING 
EXPERIMENT BATCH VISCOSITY TEMP e /TIME 

142,000 1000/10 
102,000 1000/10 

I B1 

F 76,000 1000/10 
J 

K B2 123,000 1000/10 
N 135,000 1000/10 
0 76,000 1000/ 10 

S B3 142,000 1000/10 
T 109 y 000 1000/10 
U 79,000 1000/10 

P 
8.2 10-5 
8.0 10-5 
8.0 10-5 

8.1 10-5 

8.6 x loe5 
8 - 6  x 10-5 



TABLE X, EFFECT OF PRIMER ON RESISTIVITY 

P SINTERING 
EXPERDENT BATCH VISCOSITY PRIMER TEMP. /TIME 

123 , 000 Yes 1000/ 10 8,6 x 
B2 125 , 000 N o  1000/10 8. i  x 10-5 

K 
L 

N 
M 

0 
P 

135 , 000 Yes 1000/10 8 -6 x 10-5 
112,000 N o  1000/10 8.1 x I O s 5  

7 6 , 0 0 0  Yes 
7 6 , 0 0 0  No 

1000/10 8.1 10-5 
1000/10 8 - 0  10-5 

TABLE XT. RESISTIVITY VS. SINTERING ATMOSPHERE 

P SINTERING 
EXPERIMENT BATCH VISCOSITY P R N R  - ATM e TEMP. /TIME 

EXO. 1000/10 8.1 10-5 76,000 Yes  
7 5  , 000 Yes F.G. 1000/10 8 , 3  x 18-5 

0 B2 
R 

P 
Q 

EXPERIMENT 

I 
K 
S 
Z 

U 
N 
T 

F 
0 
U 

7 6  , 000 No EX0 . 1000/10 8.0 
76  , 000 No F .G. 1000/10 7.8 

TABLE X I z .  RESISTIVITY VS. BATCH NUMBER 

BATCH VISCOSITY 

142 , 000 
123,000 
142 , 000 
144 , 000 

B1 
B2 
B3 
B4 

B1  
B2 
B3 

102 , 000 

109,000 
135 , 000 

76 ,000  
7 6 , 0 0 0  
79,000 

B1 
B2 
B3 

SINTERING 
TEMP. /TIME 

1000/ 10 
1000/10 
1000/10 
l O Q Q / l O  

1000/10 
1000/10 
1000/ 10 

1000/10 
1000/10 
1000/10 

P 
8.2 10-5 

8.5 10-5 
8.1 10-5 

8.6 x 

8.0 10-5 

8.4 10-5 
8.6 x 10-5 

8.0 10-5 
8.1 10-5 
8-0  10-5 
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111 DISCUSSION 

The c h a r a c t e r i z a t i o n  of t he  experimental  plaques i s  i n  p rogres s ,  

hence, t h e  d i scuss ion  must be  l imi t ed  t o  t r ends  shown by t h e  r e s u l t s  ob ta ined  

t o  da t a .  

Perhaps one of t h e  more s u r p r i s i n g  r e s u l t s  obtained is  the  r e l a t i v e l y  

narrow range of p o r o s i t i e s  found i n  t h e s e  experiments.  These values  ranged 

from 71.5% (C-11)  t o  74.9% (H-10). 

The method used t o  determine p o r o s i t y  has  one inhe ren t  source of e r r o r ;  

namely, removing t h e  excess  l i q u i d  from t h e  s u r f a c e  before  weighing the  

l i q u i d  s a t u r a t e d  sample i n  a i r .  

The degree of s i n t e r i n g  is  a func t ion  of both t i m e  and temperature .  

The h ighes t  p o r o s i t y  measured w a s  i n  t he  samples f i r e d  a t  1000°C f o r  t h e  

s h o r t e s t  pe r iod  (2-1/2 minutes ) .  This  i s  not  unexpected cons ider ing  t h a t  

t h e  f i r i n g  t i m e  i s  i n  a l l  p r o b a b i l i t y  i n s u f f i c i e n t  t o  a l low s t r o n g  p a r t i c l e -  

t o - p a r t i c l e  bonding t o  t ake  p l ace .  

The lowest p o r o s i t y  w a s  measured on the  samples f i r e d  a t  950°C f o r  

20 minutes ,  r a t h e r  than those  f i r e d  a t  1000°C f o r  t h e  same per iod ,  as one wouEd 

expect .  No explana t ion  i s  o f fe red  f o r  t h i s  observa t ion  a t  t h i s  t i m e .  The 

e f f e c t s  of v i s c o s i t y  and ba tch ,  as examples, a l s o  a f f e c t  response t o  exper i -  

mental  v a r i a b l e s .  

The r e s i s t i v i t i e s  of t h e  samples measured ranged from 6.9 x loe5  ohm-cm 

t o  9.7 x lom5 ohm-cm, wi th  t h e  lowest va lue  being observed on samples A 

(9OO"C, 30 min.).  The observed t rends  were as might be  expected. Increas-  

i ng  e i t h e r  t h e  f i r i n g  t i m e  o r  t h e  f i r i n g  temperature tended t o  decrease  

r e s i s t i v i t y .  

d i s c e r n i b l e  from t h e  number of samples s tud ied .  

repea ted  wi th  a l a r g e r  number of samples t o  determine any r e a l  e f f e c t s ,  

The e f f e c t  o f  s l u r r y  v i s c o s i t y  on plaque r e s i s t i v i t y  was not  

These measurements w i l l  be 
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The d a t a  i n  Table I X  suggest  t h a t  t h e  e f f e c t  of t h e  primer i s  t o  

s l i g h t l y  inc rease  r e s i s t i v i t y .  Poss ib ly ,  t h i s  material leaves  some 

re s idue  which acts as a res is t ive b a r r i e r  between t h e  s u b s t r a t e  and 

t h e  s i n t e r .  

The e f f e c t  of t h e  s i n t e r i n g  atmosphere (forming gas vs .  EXO) 

appears n e g l i g i b l e .  This  conclusion,  however, should be reaf f i rmed by 

a l a r g e r  sampling. 

Batch-to-batch uni formi ty ,  as determined by plaque r e s i s t i v i t y ,  

appears t o  be  good, as shown by t h e  r e s u l t s  i n  Table X I .  

The r e s u l t s  thus f a r  i n d i c a t e  t h a t  un i formi ty  of  plaques i n  a 

product ion f a c i l i t y  i s ,  indeed, achievable .  It remains t o  be seen  

whether improved uni formi ty  i s  obtained i n  impregnation, and l a t e r ,  i n  

c e l l  performance. This  i s  t h e  work planned f o r  t h e  next  i n t e r v a l .  
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